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Abstract— The objective of this paper is to present an 
original study for optimizing the size of the Longitudinal-
Flux Double-Sided Linear Switched Reluctance Motor 
(LSRM) under thermal and weight constraints. The 
performance is evaluated taken into account duty cycle 
operating conditions and thermal restrictions. The 
proposed approach couples Finite Element Analysis for 
magnetic propulsion force computation and Lumped 
Parameter Thermal Network for thermal transient analysis. 
The LSRMs design parameters are characterized by the 
number of phases and by their size denoted by the pole 
stroke. The operating conditions are the current density, 
the duty cycle and the admissible temperature rise of the 
insulation system. The grid search algorithm is used for 
solving the optimization problem. From the results, with 
the help of a novel multivariable optimization chart, a set 
of optimal configurations regarding to miniaturizations 
and downsizing of LSRMs is provided. 
 
Index Terms—Linear Switched Reluctance Motor, Finite 
Element Method, Thermal Model, Coupled Field Problems. 
I. NOMENCLATURE 
bp     Primary pole width (m) 
cp     Primary slot width (m) 
Tp     Primary pole pitch (m) 
Np     Number of active poles per side (primary) 
lp     Primary pole length (m) 
bs     Secondary pole width (m) 
cs     Secondary slot width (m) 
DC     Duty cycle 
∆Tlimit    Maximum temperature rise (ºC) 
T     Temperature (ºC) 
t      Time (s)  
Ts     Secondary pole pitch (m)  
Ns     Number of passive poles per side (Secondary) 
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ls           Secondary pole length (m) 
hy    Primary yoke height (m) 
LW    Lamination stack length (m) 
g           Air gap length (m) 
PS    Pole Stroke (m) 
S           Distance between aligned-unaligned positions (m) 
Npp    Number of poles per phase 
m    Number of phases 
x        Translator position (m) 
J
 
    Flat-topped current density peak (A/mm2) 
MTotal   Total primary (Stator) mass (kg) 
Fx         Electromagnetic propulsion force (N) 
FX         Average electromagnetic force (N) 
fXCu       Average force per unit of copper mass  
fXVp       Average force per unit of primary steel volume 
II. INTRODUCTION 
INEAR switched reluctance motors (LSRMs) regardless 
their low force/weight ratio are being focus of increasing 
interest [1-10] due to their simplicity, robustness and low 
expected manufacturing costs make them an attractive electric 
actuator. Despite the fact that LSRMs are simple actuators, 
they are complex systems whose analysis and design involves 
physical process of different nature mainly electromagnetic, 
mechanic and thermal.   
In general, coupled field problems can be classified in two 
types: weak or strong. In weak-coupled problems the effects 
can be separated and solved by means of a cascade algorithm 
in which the coupling is performed by updating and 
transferring thermal field parameters to magnetic field in each 
iteration [11,12]. In the particular case of LSRM, the absence 
of permanent magnets and the fact that the thermal time 
constant is much bigger than the electromagnetic one, led to 
handle the LSRM magneto-thermal problem by means of a 
weak-coupled field procedure. The temperature dependency of 
the relative permeability of a non-oriented electrical steel 
sheet is not significant for temperatures up to 100ºC (i.e. less 
than 5%) and for inductions under 1.4 T and above 1.7 T [13]. 
Therefore, the material property thermal-dependency 
considered is the electric resistivity from which the copper 
losses and current density are obtained.  
Nowadays, there are a large number of contributions in the 
technical and scientific literature about optimization methods 
for solving different types of multivariable problems, ranging 
from the classical optimization techniques, the linear and non-
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performance of the Interior Permanent Magnet Synchronous 
Motors (IPMSM) by minimizing weight and maximizing 
power output, using a multi
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methodologies
Hooke
resulting
search 
This implies a large number of computations so Hooke
and
search
scheme
the performance of LSRMs this paper proposes a new 
optimization methodology, based on grid search algorithm that 
combines two
for electromagnetics computations of force and sp
forces
thermal transient response.
that is given in Section II
described in section III. The 
models of LSRM
dedicated to the description of the optimization algorithm. In 
Section V
Section VI
m
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(efficiency)
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
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case 
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-Jeeves-method, gene
 that grid
the optimum 
 genetic algorithms methods should be used for a global 
, reducing the search space, and after 
 could be used to find the optimum
With the purpose of o
-dimensio
, and Lumped Parameter Thermal Network (LPTN) for 
The paper is organized as follows. After the introduction 
I a discussion of the results is shown and finally 
I outlines conclusions drawn of this research.
The search space is comprised by the geometrical variables 
 and PS that de
m, PS, J), which can be expressed as a vector of design 
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	0  20; 	Δ
 
With the aim of 
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,
 on a 4-phase S
-
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J. Those three variables define a triple denoted 
	, !", . The intervals for each one are: 
phases, !"
 0.5	$/
down
 
 volume
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set of 
temperature of the electrical insulation 
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n of these methods is 
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he optimization methodology is 
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1
, thus 
sizing and optimi
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Reluctance 
. In [18
 are compared
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that a grid
.  
 and 
IV. Section V is 
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the discrete nature of our
easiness for parallelizing the problem, 
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computations of force and specific forces, and Lumped 
Parameter Thermal Network (LPTN) for thermal transient 
response. 
with a LPTN whose results feed an optimization algorit
which finds the optimal configuration subject to given 
constraints.
variables
average specific force 

thermal response, which is characterized by the maximum 
temper
constant 
of optimal configurations for each current density value. These 
solutions are depicted using a novel multivariable optimization 
chart
case.
A.
made by mirroring a single
whose result is two primary structures
defined as the 
the 
poles per phase 
by rectangular poles without connecting iron yokes (see Fig. 
2),
referred as translator or mover
LSRM
stroke (
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an
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. In the same way, the LPTN gives the transient 
ature rise 
:;. 
, which allow to select visually the best option for each 
 Figure 1 shows a block of the proposed methodology.
Fig. 1.  Block diagram of the proposed methodology
 Geometrical model
The double-sided flat LSRM 
active part
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position when two consecutive phases are excit
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secondary poles 
obtained 
magnetic circuit are: 
dimensions, these parameters ar
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δy
[19
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w
Fig. 
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resistance [
finally 
cap
chiefly due to three heat transfer mechanism: 
convection
motor construction. These
from 
cross
hC
rotating machines, and in 
thermal design and optimization of electrical actuators, being 
this technique 
rotating machines [
approximation
with the ability of expanding for each LSRM structure
fig.
the different LSRM(
comprises the thermal network for the primary outer and inner 
poles respectively. Modules 3 and 4 correspond to the primary 
and secondary iron respectively. The heat source
cooper losses because iron losses
relatively low speed of the LSRM, 
source placed in the coil
convection 
poles (
double insulation layer between coils (
surface convection (
radiation (
radiation (
are nu
these 
whole LPTN for LSRM set for 
4. The 
primary and the secondary iron respectively. 
instant 
where 
LPTN is implemented and solved by a general purpose 
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-
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after 
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shadowed box (see Fig. 
∆-
< 
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each LSRM(
of the thermal network and fitted to an exponential law (
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Fig. 4. Thermal equivalent circuit for LSRM(2,PS), n(2,PS)=12 
(b) Section B
Fig. 5. Thermal resistances. a
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The input temperature 
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 Section A:
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ThermalParam
SolveLPTN 
6), where for each time variation 
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and from this it is updated the electric 
] and the current density 
PJ
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) Whole thermal circuit. b) Section
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 (see fig.
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(c) Section A 
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<
refinement and the accurate determination of thermal 
coefficients s
used for calculating conduction, radiation, and convection 
thermal resistances in rotating machines are summarized in 
[23
be taken as starting values, but is important to adjust the 
LPTN coefficients by means of a heating test. This calibration 
consists in adjusting the thermal coefficients set
as the LPTN thermal response is as clos
heating test results. The heating
LSRM(4,4) prototype (see fig.
M270
assembled under an aluminum frame (
dimensions are given in table III.
>, !", ,
In general, the LPTN accuracy depends on the network’s 
et 
,24]. Due to the flat topolog
-50 steel grade, 180 wires per coil (24AWG), and 
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Fig. 6. LPTM coupling algorithm 
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, !",  K 
sw,hp,hc,hps,hs
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see Fig. 7a). The main 
 
 
1 L +

,,
 
}.The main methods 
 in such way 
e as possible the 
(15) 
 
temperature sensors (PT100) placed in the end
interior gap for each phase and one placed on the top flat plate. 
The test (see Fig. 7b) repr
natural convection due to copper losses for a flat current 
waveform of 
The heating conditions are carried out by feeding all the 
phases to an effective constant current: 
shows the LPTN thermal response curve (
compared with the thermal test average temperature (
after calibrating the thermal coeff
differences (see Fig. 
and LPTN results. This is due to the position of the 4 sensors, 
placed next to copper winding. At the initial time, the heating 
up copper's
therefore the measures are higher than the average temperature 
predicted by the LPTN. 
thermal
to 55 kW, being the thermal coefficients almost constant. In 
the same sense, the calibrated thermal parameters are assumed 
to be constant, and therefore the thermal calibrated values are 
extended to the rest of LSRM(
T
minimum) values of 
describe a physical
complexity is too high to express the problem by an analytical 
model or 
electro
adjusted to a polynomial, and the 
The temperature in the heating test is sensed by 5 
J=10 and 15A/mm
 winding can be considered adiabatic [
-test for 4 induction motor
     (a)
Fig. 7. (a) LSRM(4,4) prototype. (b) 
Fig. 8. Experimen
he optimization algorithms find
a set of mathematical functions. 
magnetic forces 
ºC
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tal vs. LPTN simulation 
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2
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 UKwKkK√f . Figure 
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T
28
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adjusted to 
the
constant 
into the search space
maximum 
insulation
the analysis, we center on 
insulation system, 
and the total primary mass 
absolute 
function
values of 
mm and 
op
Hence the objective function that best fits our goal are the 
average specific forces
problem can be 
Subject to the following restrictions:
For each LSRM(
reached for a given current 
equation 
first order 
 maximum average temperature 
KT.  
Our objective
operating 
 class system
average force 
, the optimization algorithm returns the maximum 
the search space 
J=20A/mm
timizing regarding to 

Figure 9 describes the optimization algorithm major steps. 
15 ( see fig.
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9). This time defines the maximum Duty
15
<>f]^
 {m, PS
the particular case of 
 temperature of
under 5 kg 
see eq.8) is taken as a objective 
i.e. 
(N/kg) and 
 
, , ,
 
R f,gD,k_1c	f,gD	x 
 time (dc) 
density J is computed 
 
) characterized by 
 and the thermal 
, J}, subject to a 
 defined by the 
. In order to focus 
 B
 <n=; 
(Mtotal25Kg).
m=5 phases, 
this is useless for 
down
 (N/m3). Thus
!", &	
	
 
at which <n=;
by using 
s 
-Class 
120ºC, 
 If the 
PS=10 
sizing. 
, the 
(16)	
(17) 
 
 is 
-
Cycle denoted as 
maximum average specific forces
referred as
The 
maximum values of 
density 
maximum duty cycle 
primary mass
variable optimization charts for 
11,
to select the best option for each case
Despite the fact that the 
are at 
is interesting to point some regions out where the optimal 
configurations LSRM(
current density range
applications such as elevator doors or aerospace applications, 
only configurations with a total mass 
considered
LSRM(3,10) 

high

force
due to its low absolute force and high ripple force.
specific force
12
proportion. The LSRM(3,1
of being optimal for a wide range of 
average 
phases which reduces the converter
 ∗  
results of the optimization algorithm (see Fig. 
J, and the pair (
 in addition to. 
 that allow with a simple glance to have enough information 
J=20A/mm
 (see Table I and II)
 (see 
, for a current density range from 
er currents densities there is no optimal in common 
 optimal for 
  is also optimal for 
 
 shows these optimal LSRM configurations, drawn in 
force (3) of 
Fig. 10. Multi
(m,PS) J-A/mm
(3,10) 4.5 
(3,9) 11.5 
(3,8) 14.5 
(3,7) 18.5
¡¢∗. For each 
and ∗ , are
VI. RESULTS AND DISCUSSIO
∗  and 
m
DC* for each
maximum values of 
2 with or without thermal restrictions [
m,PS) remain 
. Regarding to
Fig. 10 an
m=3 and PS=10, 9, 8, and 7 mm.
 is optimal at 
0) configuration has the advantage 
82.6 N at 
-variable optimization C
TABLE
OPTIMAL CONFIGURATION
2 MTotal
- 11 3.03
- 14 2.
– 18 1.86
 1.31
LSRM(
 (9-10) for each value of 
 searched. 
∗  as function of current 
*
, PS*) at which occurs
 (m*, PS
These results are shown in multi
∗  8s	
.  
constant for a given 
 
. 
d 11), optimizes both
6.5 to 11 A/mm
m=2, but this is not considered 
m=3 and PS
J, to reach a maximum 
J=11 A/mm
 size and losses
hart for 
 I 
S FOR 
 -kg FX 
 27.1–
4 66.7 –
 62.5 –
 56.
m,PS,J
N 
9) 
*
, J) and the 
∗ , figures 
∗  and 
miniaturization 
under 5 k
The configuration 
 
 The specific 
=9,10 mm. Figure 
2
, and to have 3 
.  
∗ ∗, !"∗
, 
- N DC
 82.6 
 80.3 1 - 
 75.3 0.59 
2 0.
), the 
J, 
are the 
. The 
total 
-
10 and 
∗  
30], it 
for 
g are 
 and 
2
. For 
being 
 The 
 
,   
*
 
1 
0.63  
– 0.33 
32 
0278-0046 (c) 2016 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TIE.2017.2686361, IEEE
Transactions on Industrial Electronics
IEEE TRANSACTIO
Fig. 11. Multi
(m,PS) J-
(3,10) 6.5 
(3,9) 1
 
 
OPTIMIZED 
 
m [phases] 
PS [mm] 
LW [mm] 
g [mm] 
Tp [mm] 
lp [mm] 
bp [mm] 
Ts [mm] 
ls [mm] 
bs [mm] 
hy [mm] 
L [mm] 
Vps [m3] 
MCu [kg] 
Mtotal [kg] 
DC* 
FX [N]  
 [N/kg]
 [kN/m3]
 
NS ON INDUSTRIAL ELECTRONICS
-variable optimization Chart for
TABLE
OPTIMAL CONFIGURATION
A/mm2 MTotal
– 17.5 
8 - 20 
TABLE
LSRM AND PROTOTYPE MAIN V
LSRM(3,8)
Optimized
30
0.5
16
40
6.7
24
8.7
108.4
1.4187·10
0.64
1.74
values at 
0.49
64.7
 
100.5
 
456.4
 
 
 II 
S FOR 
 -kg FX
3.03 46 –
2.4 97.2
 III 
 
 
 
3 
8 
 
 
 
 
 
 
8 
8 
 
 
-4
 
 
 
J=15 A/mm2
 
 
 
 
 
 ∗ ∗, !"
 
 - N DC
 117.7 1-
 – 104 0.32
ALUES 
LSRM(4,4) 
Prototype
4 
4 
30 
0.5 
12 
30 
6 
16 
30 
7 
8 
90 
1.296·10-
0.45 
1.46 
 
0.43 
25.5 
56.4 
196.8 
 ∗,  
*
 
0.33 
 – 0.25 
 
 
4
 
test was designed without any optimization procedur
III shows the comparison results of the prototype and its 
optimized version 
mass
reveals how a 40%
the same s
average force
force of 
kg. Therefore, a reduction of 31.5% of the 
produces almost the same thrust. 
copper and 
LSRM performance.
methodology of analysis for 
thermal restrictions (
using a grid search optimization algorithm
has been implemented for assessing a set of LSRM(
configurations and has been found the optimal configurat
with respect to 
average force per unit primary steel mass. For the particular 
case of 
have 
LS
density range from 
[
[
[
[
[
Fig. 12. 
The prototype LSRM(4,4) used in the 
 Mtotal. As it can be seen this optimization procedure 
teel mass
, about
Regarding to average propulsion force LSRM(3,6) gives a 
FX(3,6,15)=28,7 N  and a total primary mass 
lamination
This paper has presented a coupled FEA
the average force per unit copper mass and the 
<n=; 
revealed 
RM(3,10) optimal for both 
1] Wenlong Li; Chau, K.T.; Chunhua Liu; Chun Qiu, “Design and 
Analysis of a Flux
IEEE Transactions on 
1-4, June 2014.
2] Chen, H.; Sun, C.; Wang, Q., “Analysis of Flux
Characteristics of Switched Reluctance Linear Generator”,
Transactions 
June 2014. 
3] Song S., Zhang M., Ge L., Wang L., “Multiobjective Optimal Design 
of Switched Reluctance Linear Launcher”, IEEE Transactions on 
Plasma Science, vol. 43, no. 5, pp. 1339
4] Garcia-Amoró
“Thermal performance analysis of the double
reluctance motor”, International Conference 
(ICEM), pp. 1448
5] Wang D., Shao C., Wang X., “Performance Analysis and Design 
Optimization of an Annular Winding Bilateral Linear Switch 
Reluctance Machine for Low Cost Linear Applications” in IEEE 
LSRM optimal configurations for 
LSRM(3,8) 
 of increasing
, produces a significant
 153% (see Table III)
-steel utilization factors can affect the 
 
VII. CONCLUSIONS 
TLIMIT) and operating conditions (
120ºC and 
a set of optimal configurations
6.5 to 11 A/mm
REFERENCES
-Controllable Linear Variable Reluctance Mach
Applied Superconductivity, vol.
 
on Applied Supe
s J., Bargalló
-1454, 6-8 September
regarding to the total 
 on copper 
. 
These fact
downsizing LSRM
Mtotal25Kg, the results obtained 
 and 
2
. 
 
rconductivity, vol.
-1345, May 2015.
-Perpiñà R., Andrada P., Blanqué B., 
 2014,
 and 
thermal calibration 
e. 
primary 
mass, being almost 
 increase 
 
M
total primary
s reveal how a low 
 
-
s regarding to 
J
. This methodology 
, being the 
, in a current 
 24, no.
-
 24, no. 3, pp.
 
-sided linear switched 
on Electrical Machines 
 Berlin (Germany)
 
 
Table 
on the 
total =1 
 mass 
LPTN 
, DC) 
m,PS) 
ions 
ine”,  
 3, pp. 
Linkage 
 IEEE 
 1-5, 
,  
0278-0046 (c) 2016 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TIE.2017.2686361, IEEE
Transactions on Industrial Electronics
IEEE TRANSACTIO
 
 
Transactions on Applied Superconducti
Oct. 2016 
[6] Lin J., Cheng K. W. E., Zhang Z., Cheung N. C., Xue X., “Adaptive 
sliding mode technique
linear switched reluctance actuator”, 
vol. 9, no. 1, pp. 50
[7] Zhao S. W., Luo L. N., Yang L. Q., Cheung N. C. “High precision 
position control of Linear Switched Reluctance Motor for short 
distance” 
Applications (PESA), 2013
[8] Pan J. F., Zou Y., Cao G., Cheung N. C., Zhang B., “High
Dual-Loop Position Control of an Asymmetric Bilateral Linear Hybrid 
Switched Reluctance Motor” 
51, no. 11, pp. 1
[9] Lobo N. S., Lim H. S., Krishnan R., “Comparison of Linear Switched 
Reluctance Machines for Vertical Propulsion Application: Analysis, 
Design, and Experimental Correlation”, IEEE Transactions on 
Industry Applications, vol. 44, no. 4, pp. 1134
[10] Dursun M., Özbay H., “Design and analysis of a double sided linear 
switched reluctance motor driver for elevator door”, P
Elektrotechniczny
[11] Hameyer, K.; Driesen, J.; De Gersem, H.; Belmans, R., “The 
Classification of 
Magnetics, vol.
[12] Behjat V. 
Characterize the Thermal 
By Short Circuit Faults”
Vol. 1, No. 4, December 2013
[13] Takahashi N., Morishita M., Miyagi D., Nakano M., 
Magnetic Properties of Magnetic Materials at High Temperature using 
a Ring Specimen
[14] Rao S. S. 
Edition. John Wiley & Sons
[15] Di Barba P., Dolezel I., Mognaschi M. E., Savini A., Karban P., “Non
Linear Multi
Electroheating Applications”, I
50, no. 2, pp. 673
[16] Xue X. D., Cheng 
Optimization Design of In
Electric Vehicles”
57, no. 9, pp. 2980
[17] Parasiliti F., Villani M., Lucidi 
Multiobjective Design Optimization Procedure of Interior Permanent 
Magnet Synchronous Motors for Wide Constant
Operation”,
6, pp. 2503
 
 
of electrical machines. 
Group. His teaching activities and research interests include design, 
modeling and cont
NS ON INDUSTRIAL ELECTRONICS
-based electromagnetic suspension system with 
-59, 1 2015.
5th Int. Conf.
, 
-5, Nov. 2015.
, R. 87 NR 5/2011
Coupled 
 35, no. 3, pp.
A., “Coupled Thermal
Behaviour
, International Journal of Electrical Energy, 
”, IEEE Trans. Magn., 46 (2010), No. 2, 548
Engineering Optimization: Theory and Practice
-Physics Analysis and Multi
-676, Feb. 2014.
K. W.E., Ng T. W. Cheung N. C. “
-Wheel Switched Relucta
, IEEE Transacti
-2987, September 2010.
 IEEE Transactions on In
-2514, June 2012.
Jordi Garcia Amoros
Barcelona, Spain
Ph.D. degree in 
Universitat Politècnica de Catalunya
Barcelona
been with the Department of Electrical 
Engineering at University Rovira 
Tarragon
machines, and since 2014 as 
Professor. His research interest are 
of electromagnetic design and thermal analysis 
 
Pere Andrada (M’91
(Spain) in 1957. He received the PhD. degree
Industrial Engineering from the Universitat 
Politècnica de Catalunya, Barcelona, Spain, in 
1990. In 1980 he joined the Department of 
Electrical Engineering, Universi
de Catalunya
Professor in the Escola Politècnica Superior 
d’Enginyeria de Vilan
member of the Electronically Commutated Drive 
rol of electrical machines and drives.
vity, vol. 26, no. 7, pp. 1
IET Electric 
 
 on Power Electronics
Hong Kong, 2013, pp. 1
IEEE Transactions on Magnetics
 
  
Field Problems”, IEEE Transactions on 
 1618-1621, May 1999.
-Electromagnetic F
 of Power Transformers Damaged 
 
 2009. 
-Objective Optimization in 
EEE Transactions on Magnetics, v
 
ons on Industrial Electronics, v
 
S., Rinaldi F.
dustrial Electronics, vol. 59, n
  
 in 1970
Electrical 
, Spain in 2010
a Spain, first as 
) was born in Barcelona 
, where he is currently Associate 
ova i la Geltrú
 
Power Appli
 Systems and 
-5. 
-
-1142, July-Aug. 2008
 
EM Model to 
“Examinati
Multi-Objective 
nce Motors in 
, “Finite-Element
-Power Region 
 (M’09) was born in 
. He received the 
Engineering from 
. Since 1992, he has 
i Virgili, 
Assistant in electrical
Associate 
in the field 
tat Politècnica 
 
-5, 
cations, 
Precision 
, vol. 
 
rzeglad 
on of 
-551. 
. 4th 
-
ol. 
ol. 
-Based 
o. 
[
[
[
[
[
[
[
[
[
[
[
[
[
 
, 
in 
 
 
 
digital design and electronics applications and his research interests 
include modeling, simulation and control of electrical machines and 
drives
 
 in 
. He is 
electromagnetic design and therma
18] Iles-Klumpner D., Boldea I., “
Interior Permanent Magnet Synchronous Motor for an Automotive 
Active Steering System”
Specialists Conference
19] Amoros, J. G.; Andrada, P., “Sensitivity Analysis of Geometrical 
Parameters on a Double
IEEE Transactions on Industrial Electronics
319, January 2010.
20] Henrotte, F. Deliège, G. Hameyer, K., “The eggshell method for the 
computation of
CEFC 2002, Perugia, Italy, 16
21] Boglietti A., Cavagnino A., Staton D., Shanel M., Mueller M., Mejuto 
C., “Evolution and Modern Approaches for Thermal Analysis of 
Electrical Machines”
56, no. 3, pp. 871
22] Amoros J.G., Andrada P., Blanque B. “An 
Thermal Design of a 
Motor”. IX Int.
September 2010. 
23] Staton D. A., Cavagnino A., “Convection Heat Transfer and Flow 
Calculations Suitable for Electric Machines Thermal Models”, 
Transactions
24] Boglietti A.; Cavagnino A.; Staton,
Parameters in Electrical Machine Thermal Models”, IEEE 
Transactions on Industry Applications, vol.
July-Aug. 2008
25] Incropera F. P., DeWitt D. P., Bergman T. L., Lavine A. S., 
Fundamentals of Heat and Mass Transfer
Sons. 2007 
26] Motor-CAD Thermal solver. [Online]. Available: www.motor
design.com.
27] Mezani S., Takorabet N., Laporte B., “A combined electromagnetic 
and thermal analysis of induction motors”, IEEE Transactions on 
Magnetics, vol. 41, no. 5, pp. 1572
28] Boglietti A., Carpaneto
Thermal Models for Short
Validation”, IEEE Transactions on Industrial Electronics, vol. 63, no. 
5, pp. 2713-
29] Boglietti A., Cavagnino A., Staton D. A., “TEFC induction motors 
thermal models: a parameter sensitivity analysis”,
Applications Conference, 2004. 39th IAS Annual Meeting. 
Conference Record of the 2004 IEEE, pp. 2469
30] Garcia-Amoro
Switched Reluctance Motor's Design Parameters for Optimal 
Performance”, Electric Power Components and Systems
810-819, Iss.
. 
, IEEE 35th Annual Powe
, 2004, pp. 369
-Sided Linear Switched Reluctance Motor”, 
 
 electromagnetic forces on rigid bodies in 2D and 3D”. 
,IEEE Transactions on Industrial Electronics, vol. 
-882, March 2009.
Double
 Conf. on Electrical Machines (ICEM)
Rome (Italy)
 on Industrial Electronics, vo
 
 
 E., Cossale 
-Time Thermal Transients: Definitio
2721, May 2016.
s J, Andrada P., Blanqué B., “
 7, 2015. 
Balduí Blanqué
Spain) in 1970. He received the Ph.D. degree 
from the Universitat Politècnica de
in Barcelona, Spain, 2007
been with the Department of Electrical 
Engineering, UPC, where he is currently an 
Associate
Superior d’Engin
He is member of the Electroni
Drives Group
Marc Marín Genescà
(Barcelona), Spain in 1976
Ph.D. degree in 
Polytechnic University of Catalunya, 
(Barcelona)
been with the Department of 
Engineering at University Rovira i
Tarragona Spain, as 
research interest are in the field of 
characterization of dielectric materials and 
Comparative Optimization Design of an 
-375, vol.1.
, vol.
-18 April 2002.
 
Analytical
-Sided Linear 
 
l. 55, no. 10, October 2008.
 D., “Determination of Critical 
 44, no.
. 6th Edition. 
-1575, May 2005.
M., Vaschetto
 
 was born in Reus (Tarragona, 
 Professor at
yeria de Vilanova i la Geltrú
. His teachin
, was born in 
Electrical 
, Spain in 201
V
l analysis of electrical machines
r Electronics 
 
 57, no. 1, pp.
     
 Approach to the 
Switched Rel
, pp. 
 4, pp. 1150
John Wiley
 
 S., “Stator-Winding 
 
-2476 vol.4. 
Assessment of Linear 
. Vol. 43, pp.
 Catalunya, 
. Since 1996, he has 
 Escola Politècnica 
cally Commutated 
g activities cover 
Matadepera 
. He received the 
Engineering from 
Terrassa 
1. Since 2015, 
Mechani
 
isiting Professor
 311-
uctance 
1-4, 6-8 
IEEE 
 
-1159, 
 & 
-
n and 
Industry 
 
. 
he has 
cal 
Virgili, 
. His 
the 
. 
